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OCO – The Orbiting Carbon Observatory


Lost near Antarctica, 24 Feb. 2009, 3 minutes after launch, due to fairing release failure




OCO – The Orbiting Carbon Observatory


Lost near Antarctica, 24 Feb. 2009, 3 minutes after launch, due to fairing release failure


Reminding us to make good use of  the data we have… 



IPCC Assessments of Aerosol Contribution to Climate Forcing


2001 Report

(Pre-EOS)


2007 Report

(EOS + ~6 years)




Aerosol Contribution to Climate Forcing


Based on: US. CCSP, Synthesis & Assessment Product 2.3, 2009




AVHRR 1-Channel NOAA AOT


N. Winter


N. Summer


Husar et al., JGR 1997


• AOT Over Water only

• Globe ~ Every 2 days




AVHRR 2-Channel GISS AOT


τ


τ -- July 1986
 α -- July 1986


Cloud Screen 1


Cloud Screen 2


From: Mishchenko et al., Appl. Opt. 1999
0.63 and 0.83 µm channels




TOMS Aerosol Index

April 13, 2001 [ACE-Asia]




OMI AOT and SSA Retrieval Approach  

• Aerosol reduces the TOA spectral contrast of the Rayleigh-scattering gas atmosphere. 
• Higher SSA (less absorbing) increases the TOA Radiance, decreases contrast.  
• For absorbing aerosols, elevation also matters.  
• Land Surface (even desert) is usually dark in the UV 

From: Omar Torres




Aerosols 
over  

clouds 

 April 2001 [ACE-ASIA] 

TOMS Near-UV Aerosol Products 

Reflectivity 

From: Omar Torres


Aerosol Index 



TOMS Aerosol Index - 1979-2001 Weekly, Zonal, 1˚x1˚Average Global Record


From: Torres et al, JAS, 2002




TOMS Aerosol Index - North African Dust Source Inter-annual Variations


From: Prospero et al, Rev. Geophys. 2002




OMI Near UV Aerosol Products AI Extinction AOD 

SSA Absorption Optical Depth 
March 01, 2005 

From: Omar Torres




SeaWiFS Dust Transported from China - 04/25/98


Source: SeaWiFS Web Site




SeaWiFS Sahara Dust over Canary Islands, 03/06/98


Source: SeaWiFS Web Site




The NASA Earth Observing System’s �
Terra Satellite


ASTER


First Light: 

February 24, 2000


MODIS


CERES

MISR


MOPITT


Source: Terra Project Office / NASA Goddard Space Flight Center




•  NASA, Terra & Aqua

–  launches 1999, 2001

–  705 km polar orbits, descending 

(10:30 a.m.) & ascending (1:30 p.m.)

•  Sensor Characteristics


–  36 spectral bands ranging from 0.41 
to 14.385 µm


–  cross-track scan mirror with 2330 
km swath width


–  Spatial resolutions:

•  250 m (bands 1 - 2)

•  500 m (bands 3 - 7)

•  1000 m (bands 8 - 36)


–  2% reflectance calibration accuracy

–  onboard solar diffuser & solar 

diffuser stability monitor


MODerate-resolution Imaging Spectroradiometer 
[MODIS]


Source: MODIS Team, NASA/GSFC


Improved over AVHRR: 

• Calibration 

• Spatial Resolution 

• Spectral Range & # Bands 




• Water & some Land

• Globe ~ Every 2 days

• ~ 10:30 AM & 1:30 PM


Mid-vis AOT


• Fine/Coarse Ratio

• Sensitivity to PM10


Source: MODIS Atmospheres Web Site


MODIS Monthly Global Aerosol Products




Source: MODIS Atmospheres Web Site


Mid-vis AOD


Fine/Coarse Ratio


• Water & some Land

 • Globe ~ every 2 days

• ~ 10:30 AM & 1:30 PM


Direct Downlink


MODIS Daily Aerosol Products




• Nine CCD push-broom cameras

• Nine view angles at Earth surface:

   70.5º forward to 70.5º aft

• Four spectral bands at each angle:

   446, 558, 672, 866 nm


• Studies Aerosols, Clouds, & Surface


Multi-angle Imaging SpectroRadiometer




MISR Monthly Global Aerosol Mid-VIS AOT


July 2005


January 2005




2006
 2007


Not Yet

Available


Eight Years of Seasonally Averaged 

Mid-visible Aerosol Optical Depth from MISR


MISR Team, JPL and GSFC




Pollution Aerosol Concentrated 

in Ganges Valley near Kanpur, India


DiGirolamo et al., GRL, 2004


MISR mid-visible AOD

[Winter, 2001-2004; white --> AOD >0.6]


NCEP Winds + Topography

[Black=surface; Red=850 mb; 


contours=vertical, solid=subsidence]
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Los Alamos Fire, New Mexico  May 9, 2000


MISR 60˚ Forward


MISR 60˚ Aft


MISR Nadir




MISR-retrieved Aerosol Types �
[Lowest Residual Mixtures; AOT>0.15]


Kahn, Gaitley, et al JGR, in preparation




MISR sensitivity to Particle Shape


Kalashnikova & Kahn JGR 2006




Images from: Kahn et al., JGR 2001


We are aiming for Regional-to-Global 

Aerosol Type Discrimination something like this…


5 Groupings Based on Aerosol Properties
 13 Groupings Based on Aerosol Properties
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SAMUM Campaign Morocco – June 04, 2006 


Kahn et al., Tellus 2008
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Kahn et al., Tellus 2008




Kahn et al., Tellus 2008


MISR SAMUM Aerosol Air Mass Validation - June 04, 2006 


Falcon F-20 HSRL

- Thin layers of small,

   bright particles


NOAA/HYSPLIT 

Back Trajectories


- Source in N Algeria

   for 2, 3 but not 1.




One MODIS Aerosol Type Classification: 

Low AOT (blue), High AOT+Coarse (green), High AOT+Fine (red) 


From: Kaufman et al., JGR, 2005




Multi-angle, Multi-Spectral  Information 

about Aerosol Microphysical Properties 




Y. Liu et al., JAWMA 2007
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Kahn et al., JGR 2007
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Kahn et al., JGR 2007




Complementary MISR and MODIS AOT �
Saharan Dust Plume Transiting N Atlantic  June 19-23 2000


Kalashnikova & Kahn JGR 2008




MISR Dust Plume Particle Property Evolution


• MISR-retrieved 
Angstrom exponent & 
AOT spherical-fraction 
are ~30% lower in 
optically thicker parts 
of plume, compared to 
total plume


• SSA~0.97


• For AOT >0.5, 
Angstrom exponent 
increases ~30%, and 
AOT non-spherical 
fraction decreases over 
50%


Non-monotonic behavior of MISR retrieved-properties is due to gaps in 

satellite coverage, since parts of the plume were not imaged on all days


Kalashnikova and Kahn, JGR 2008


AOT
AOT


ANG
ANG


Fr. Non-Sph

AOT> 0.15


Fr. Non-Sph

AOT> 0.5


Size (ANG)


Sphericity


Whole Plume
 Thick Part


Plume Age 




MISR-MODIS-NAAPS �
Aerosol Transport Model Validation   July 4, 2000


MISR and MODIS AOD  NAAPS Model Dust  

Kalashnikova & Kahn JGR 2008
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Oregon Fire  Sept 04 2003 

Orbit 19753 Blks 53-55 MISR Aerosols V17, Heights V13 (no winds)


Kahn, et al., JGR 2007




Oregon Fire  Sept 04 2003 

Orbit 19753  MISR Stereo Heights V13 (no winds)
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fire.19753.b55 Sub2_hist
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Atmospheric stability derived from NCEP re-analysis
 Kahn, et al., JGR 2007




MODIS Fire Radiant Energy Flux 

TOA Reflectance (RGB)
 Mid-visible AOT
 3.9 µm Fire Temperature


Idaho, August 23, 2000 

From: Ichoku & Kaufman, TGRS 2005 



MODIS Image + Fire Product
Fire 19753 Ht vs Dist from source (Patch 1)
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Detail of the Source Region (Patch 1) 

Oregon Fire  Sept 04 2003 


MISR Plume Heights for Patch 1 Sub-patches


MISR Nadir 275 m Image
 Oregon Fire 19753
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Kahn, et al., JGR 2007




Alaska-Yukon Fire Plume Statistics, Summer 2004
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 All smoke pixel heights  
by Area 

Median Plane heights 

[Plume-ABL] Height >0 31.0% 26.2% 
[Plume-ABL] Height > 0.5 km 9.5% 7.5% 
 

Kahn, Y. Chen, D. Nelson  et al., GRL 2008
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Aerosol Vertical Distribution

CALIPSO Space-Based LIDAR


[First Light June 2006]


Kasatochi

plume


Perhaps Okmok volcano (Alaska)

remnants (after global circuit)


532 nm Total Attenuated Backscatter/km August 08, 2008


From: CALIPSO Project Web site




Remer et al, GRL, submitted


MODIS/Terra 7-Year AOD Land & Ocean Trends 




MODIS/Terra 7-Year Regional/Seasonal AOD Trends 


Remer et al, GRL, submitted




Monthly, Global-Average, Over-Ocean AOT Trends


Mishchenko, Science 2007


Δ_AOTMISR-MODIS_Terra ~  0.02 to 0.05


Mishchenko et al., JQSRT 2007


AVHRR 24-Year Record 


MISR, MODIS, AVHRR 5-Year Record 




Typical Ocean
 Typical Dry Land


Land + Ocean


Kahn, Nelson, Garay et al., TGRS, in preparation




Kahn et al., JGR 2007
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Forth Crete 2003/9/13  19878/180/62
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Kahn et al., JGR 2007




AERONET CIMEL


NOAA R/V RON BROWN


NASA ER-2 w/AirMISR


NASA B200 w/HSRL


NASA P3-B

w/AATS-14




The AERONET Federated System of CIMEL Sun Photometers


Source: AERONET Web Site




MISR & MODIS Mid-Visible AOT Sensitivities 

Reported Currently
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Kahn, Gaitley, et al., JGR in preparation




486 

Dust Location


Events


493 

Biomass 


Burning Location

Events


1,055 

Continental


Location

Events


N Winter
 N Spring
 N Summer
 N Autumn




486 

Dust Location


Events


493 

Biomass 


Burning Location

Events


1,055 

Continental


Location

Events


N Winter
 N Spring
 N Summer
 N Autumn




Increasing Size

(decreasing ANG)


Increasing AOT
0 < AOT < 0.1
 0.6 < AOT < 1.0


-1 < ANG < 0.6


1 < ANG < 1.3




Increasing Size

(decreasing ANG)


Increasing AOT
0 < AOT < 0.1
 0.6 < AOT < 1.0


-1 < ANG < 0.6


1 < ANG < 1.3




Increasing Size

(decreasing ANG)


Increasing AOT
0 < AOT < 0.1
 0.6 < AOT < 1.0


-1 < ANG < 0.6


1.6 < ANG < 3




Increasing Size

(decreasing ANG)


Increasing AOT
0 < AOT < 0.1
 0.6 < AOT < 1.0


-1 < ANG < 0.6


1.6 < ANG < 3




“We show that the MODIS and MISR Angstrom Exponent datasets reveal 

essentially no correlation.”           Liu & Mishchenko, JQSRT 2008




Correl. Coeff. = 0.44




Correl. Coeff. = 0.44
 Correl. Coeff. = 0.67




Over-ocean regression coefficient 0.90

Regression line slope 0.75


MODIS QC ≥ 1


Ocean 
 Land


Over-land regression coefficient 0.68

Regression line slope 0.62


MODIS QC = 3






CURRENT STATE OF MISR-MODIS AEROSOL CAPABILITY 



The Main Points – Current MISR (Version 22) Aerosol Product


PLEASE READ THE QUALITY STATEMENT!!!




MISR & MODIS AOD 
 NAAPS Dust 
 MISR UAE-2 Aerosol Air Masses
WTC Smoke Plume Heights





